Attention Deficit Hyperactivity Disorder (ADHD) is a common childhood neuropsychiatric disorder characterized by behavioral problems such as attention deficit, hyperactivity and impulsivity. It has a prevalence of 2-7.6% among children of school age in Korea. [1] [2] [3] Although genetic factors are known to be the dominant cause of ADHD, its etiology is recently considered more complex. It is likely that genetic factors interact with en- Print ISSN 1738-3684 / On-line ISSN 1976 OPEN ACCESS http://dx.doi.org/10. 4306/pi.2011.8.4.366 366 Copyright © 2011 Korean Neuropsychiatric Association vironmental factors, in addition to complex interactions between dopamine and noradrenalin. 4, 5 Iron is known to regulate dopamine and noradrenalin production as the coenzyme of tyrosine hydroxylase, itself a monoamine oxidase.
INTRODUCTION
plementation to ADHD children with low iron levels resulted in positive improvement in ADHD. Millichap et al. 8 measured the levels of serum ferritin in 68 ADHD children, and showed that 74% of children had serum ferritin concentration of less than 50 ng/mL, 44% less than 30 ng/mL, and 18% less than 20 ng/mL, which were not significantly different from that of the normal control group. They also reported an absence of significant difference in the degree and frequency of symptoms between 12 ADHD children with serum ferritin concentration lower than 20 ng/mL, and 12 ADHD children with serum ferritin concentration higher than 60 ng/mL. Recently, Konofal et al. 9 conducted a study that entailed 12 weeks of oral supplementation of iron at 80 mg/d to 18 ADHD children diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV). 11 Significant difference was observed in ADHD scale and global clinical impression in ADHD children, compared to 5 children administered with placebo.
Since iron concentration can be affected on age, sex, race and socioeconomic factors, careful attention should be taken when measuring serum iron. In addition, the normal range of serum iron concentration varies with ethnicity and the standard intake required for normal growth varies between countries. Supportive measure for ADHD children to complement drug therapy have been reported in other countries, but not in Korea.
The aim of this study was to compare the hematological findings, including serum iron and ferritin, in Korean ADHD children with that of age-and sex-matched children without ADHD.
METHODS Subjects
Forty-eight (n=48) children diagnosed with ADHD according to the DSM-IV by a child psychiatrist at the Dankook University Hospital were enrolled in this study. Subjects were excluded from the study if there was any evidence of conduct disorder, mood disorder, anxiety disorder, Tourette' s disorder, pervasive development disorder, mental retardation (IQ <70) and neurological disorders, including epilepsy. None of the children who participated in the study has ever undergone drug treatment. In this study, the controls and the patients were collected from general elementary schools after receiving consents. The sex and age were matched between the control group and the patient group. Those who had medical diseases, central nervous system diseases such as epilepsy, and child psychiatric disorders such as ADHD, childhood developmental disorder, mental retardation, depressive disorder, or behavioral disorder were excluded from the subjects. Each subject and his or her caregivers were provided adequate counseling on the study and the associated investigations. Informed consent was obtained prior to study entry. The study was also approved by the Hospital Ethics Committee. None of the children was taking iron supplements or multivitamins with iron at the time of the study. The parents could choose to opt out of the study but none of the parents refused to participate.
Assessment
A blood test was carried out with the patient group and the control group, including the serum iron, ferritin, transferrin, total iron binding capacity (TIBC), hemoglobin, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC), etc. The therapist performed assessment of basic history and physical examination such as general blood laboratory test, consulting a pediatrist about the cases of iron level decrease. On the day of visiting the hospital, the child psychiatrist performed clinical interview as well as Kovac' s Children' s Depression Inventory (CDI) 12 , State Anxiety Inventory (SAIC), Trait Anxiety Inventory (TAIC) 13 and Dupaul Attention Deficit Hyperactivity Disorder Rating Sales (K-ARS) 14 as well as the questionnaire survey regarding the pregnancy, infancy, developmental history and anamnesis of the children with the parents. In addition, a professional clinical psychologist performed a comprehensive psychological test, including intelligence test, on each subject. A child psychiatrist evaluated ADHD symptoms and co-existing illnesses through personal interview with each subject.
Kovac's Children's Depression Inventory
The CDI was developed by Kovacs to measure the degree of children's depression by modifying the Beck's depression inventory for the children at the age between 6-14. 12 The CDI contains a total of 27 questions and the subject is asked to evaluate his or her own mood state in the previous two week in the a self-report form. In the self-report form, scores between 0 to 2 are given for each question, and the total scores are between 0 to 54. Cho and Lee investigated the control group distribution with 288 subjects in the 4, 5 and 6 grades in the elementary schools in Seoul and the result showed that the mean score was 14.72 (±7.13) with no significant difference in the mean score between the male students of 14.16 and the female students of 15.36. 15 Cho and Lee 15 presented the score over 22 as the mild depressed state, over 26 as the middle depressed state, and over 29 as the severe depressed state.
Spielberger State-Trait Anxiety Inventory
This is a useful assessment tool to measure anxiety clinically. It is useful in identify clinically anxious group and psychiatric patients and it also has the advantage to measure the anxious state of normal adults without psychiatric disorder. It was developed by Spielberger et al. 13 and translated into Korean version by Kim 16 , and the reliability and validity were studied. The anxiety inventory for children is composed of a total of 20 questions prepared by modifying the trait anxiety scale for adults. The rating score 1 is given to 'it rarely happens. ' score 2 to 'sometimes, ' and score 3 to 'often. ' The total score ranges from 20 to 60. Cho and Choi 17 evaluated the reliability of the Korean State Anxiety Inventory for Children and derived the mean score of trait anxiety 31.96 (±7.13) with 522 elementary school students at the fourth, fifth and sixth grades. 17 In the case of TAIC scale, the scores 39-42 indicate a little high trait anxiety, scores 43-46 indicate a considerably high trait anxiety, and scores 47 or higher indicate very high trait anxiety. In the case of state anxiety inventory, the mean score was 33.27 (±7.67), while it was 36.44 (±8.48) at the time immediately before exams.
Korean version of Dupaul Attention Deficit Hyperactivity Disorder Rating Sales
Being developed by Dupaul based on the DSM-IV diagnostic criteria for ADHD, Dupaul ADHD Rating Scales is used for both parent and teacher assessment scale for child behavior.
14 This Scales with 18 items is proved for its validity in differentiating children with ADHD from those without ADHD, and also designed effective to differentiating three subtypes of ADHD: predominantly inattentive, predominantly hyperactive-impulsive, and combined hyperactiveimpulsive and inattentive. Each item scores 1 to 3 and the score above 2 is considered abnormal in terms of child development. Odd-numbered items are to measure inattentiveness and even-numbered items are to measure hyperactivity and impulsivity. Domestic standardization has been achieved by Kim et al. 14 and children with ADHD may score above 19 by parents or/and 18 by teachers.
Computerized Attention Deficit-Hyperactivity Disorder Diagnostic System
ADS is a computerized program being widely used to diagnose ADHD and assess the continuous performance function in children with attention-deficit or hyperactivity. As one of the most popular Continuous Performance Tests in Korea, ADS was developed and standardized by Shin et al. 18 It has two components: visual and auditory. ADS assesses general attention ability and its detailed evaluation index includes omission errors, commission errors, hit reaction time mean, hit reaction time standard deviation, attentiveness, and risk taking. Omission errors indicate the number of times the target is presented but the subject does not respond to the target. It is a measure of inattentiveness. Commission errors indicate the number of times responses are given to non-targets and it measures the degrees of response prevention and impulsivity. Mean hit reaction time is the average speed of correct response and it measures the speed of response and information processing. Hit reaction time deviation is the standard deviation of hit reaction time and it measures response speed consistency and attentional flexibility. A score of above 70 in omission errors, commission errors, or hit reaction time standard deviation is suggestive of continuous attention deficit and that clinically ADHD is suspected.
Statistical analysis
We performed independent t test for age, chi-square test for sex, and paired t test to compare the results of control group and ADHD group through iron, ferritin, transferrin, TIBC, hemoglobin, MCV, MCH, and MCHC and Abbreviated Conners Parent-Teacher Rating Scale, K-ARS, CDI, TAIC, and SAIC in children with ADHD. We performed correlation analysis for iron, ferritin, transferrin, TIBC, K-ARS, ADHD diagnosis, IQ, CDI, TAIC, SAIC, ADS in children with ADHD. SPSS PC software (version 15.0) was used for the statistical analysis and the significance level was set to the p value less than 0.05.
RESULTS
The blood test showed that the hemoglobin level lower than 12 g/dL was found in nine children, but only one showed the ferritin level lower than 15 ng/mL and iron level lower than 50 ug/dL. The children who showed iron deficiency were transferred to a child hemato-oncologist.
The sample consisted 48 ADHD children and sex and age matched control children (a couple of 23 boys and 20 girls; age 6-9 years; mean±S.D. 7.53±0.63). Table 2 . A significant difference were found in the transferrin (t=-2.63, p=0.011), MCV (t=2.19, p=0.034), and MCH (t=2.18, p=0.034) ( Table 2) . It is suggestive finding that Low transferrin levels were associated with ADHD diagnosis. While iron, ferritin, TIBC, hemoglobin, MCV, MCH, and MCHC were not significantly related with ADHD diagnosis. We added the information about the correlations among the hematologic laboratory data (iron, ferritin, transferrin, hemoglobin, TIBC) and K-ARS, ADS, CDI, TAIC, SAIC, and IQ to the Table 3 . A significant Pearson's correlation was found in the transferrin and ADHD diagnosis (t=-0.24, p<0.05) ( Table 3) .
DISCUSSION
About 25% of the total body iron is present as stored iron in the form of ferritin around two thirds, approximately 0.2% of the total iron in the body is bound to the transport protein transferrin in the plasma. 19 A reduced ferritin concentration is an early indication of the depletion of iron stores long before the transferrin concentration increases or plasma iron levels fall. Plasma transferrin transports iron either to iron storage depots or to organs which require iron, e.g. the bone marrow. Of the three analyses -iron, transferrin and ferritinthe latter is most easily biased by these factors since iron stores may be severely depleted before any clinical signs are evident. 19 Correlation between iron deficiency and cranial nerve abnormality has been demonstrated by clinical studies. 20 In 1963, Holowach et al. 21 showed that iron deficiency anemia occurred in 23% of children who experienced 'breath holding spells' , and later reported partial improvement by administering ferrous sulfate supplement to these children. With respect to the pathophysiological studies of iron, a recent animal experiment demonstrated that iron deficiency alters the absorption and decomposition of monoamine by reducing the density and activity of monoamine and dopamine receptors. 22, 23 In addition, Konofal et al. 9 assumed that low ferritin concentration may affect dopamine concentration in the brain and hence symptoms of ADHD.
Improvement in ADHD symptoms was seen in a study conducted by Sever et al. 6 However, they found improvement in the ADHD scale for the parents, but not in that for the teachers, indicative that the placebo effect could not be excluded. It must be emphasized that ADHD symptoms were assessed 30 days after commencing iron supplementation in that study, which appeared to be too early. In fact, recovery of learning disorder only became evident 2 months after normal hemoglobin levels had been restored in that study. 6 We attempted to overcome the drawback of previous studies by employing clinical scales and other objective testing tools, such as ADS, in addition to conducting interviews to compare symptoms. We found reduced transferrin levels in children with ADHD, although we did not administer iron supplement. In this study, the ferritin concentration was not different between the two group, which is different to some extent from the result of other studies that the ferritin level was increased in the ADHD group. A difference in transferrin between the two groups was found in our study. It was known that transferrin is more stable in blood than ferritin that reflects stored iron. However, since this study was conducted in a small scale, and the two indices are greatly fluctuated by the blood measurement methods, further studies may need to be conducted. As such, we anticipate improved clinical symptoms following iron supplementation in ADHD children with reduced iron levels in future clinical trials. Some studies have demonstrated learning disorder in children associated with symptoms of anemia, and in children with mild iron deficiency without symptoms of anemia. In a largescale study of 5,398 children, Haltermann et al. 24 reported that the risk of scoring low in mathematics is twice as high in children with iron deficiency, compared to those with normal serum iron levels, regardless of the development of anemia. Brunner et al. 25 observed significant cognitive improvement when 650 mg of ferrous sulfate supplement was administered twice daily for 8 weeks to girls aged between 13 and 18 with learning disorder. However, the latter study did not assess behavioral symptoms, which is a requisite in ADHD assessment.
The prevalence of ADHD is higher among males and in the adolescence. Thus, the sex and age characteristics can have a great effect. Considering this, our study was evaluated by matching the age and sex of the patient group and the control group with each other. Not all methodologies are calibrated in relation to the same primary standard, which is one reason for different results with different test systems.
The restless leg syndrome shares similar clinical patterns with ADHD and is frequently associated with ADHD. A study recently demonstrated iron supplement improved both ADHD and restless leg syndrome. 26 In our study, however, the symptoms were purely secondary to ADHD, since the restless leg syndrome is not frequently associated with ADHD, in contrast to conduct disorder, anxiety and depressive disorders.
Iron supplement will be a complementary therapeutic adjunct in the treatment of ADHD, if there is genuine correlation between ADHD and iron. However, the efficacy of iron supplement to existing therapeutic intervention for ADHD must be demonstrated in a large-scale study in the future. Since the use of methylphenidate, which is prescribed by child psychiatrists in Korea, is currently restricted in children below the age of 5 by the Food and Drug Administration in the United States, iron supplement may be efficacious in the treatment of ADHD in this age group. 27 According to a recent study, iron exhibited synergistic effects with methylphenidate and amphetamine, and was effective in the treatment of ADHD associated with restless leg syndrome for which methylphenidate is inefficacious. These results suggest various ways to apply iron supplementation in ADHD. 13 ADS-O: computerized attention deficit hyperactivity disorder diagnostic system-omission error, ADS-C: computerized computerized attention deficit hyperactivity disorder diagnostic system-comission error, ADS-R: computerized attention deficit hyperactivity disorder diagnostic system -standard deviation of response time, ADHD: attention deficit hyperactivity disorder, IQ: intelligence quotient
